glomerular filtration rate. Allopurinol may improve the control of blood pressure. Further studies are required to explore the effects of lowering UA on renal protection in IgAN.
follow-up period of 5 years to determine the relationship of UA with progression of renal disease. We also performed a pilot randomized trial of 40 IgAN patients with hyperuricemia to explore the effect of lowering UA with allopurinol on the preservation of renal function or use of antihypertensive treatment.
Methods

Retrospective Cohort Study
The retrospective cohort study was conducted on patients with biopsy-proven IgAN between January of 1993 and December of 2006 at the First Affiliated Hospital of Sun Yat-sen University in Guangzhou, China. IgAN was defined as chronic glomerulonephritis with IgA immunoglobulin as the sole or main glomerular immunofluorescence finding, required the presence of at least 5 glomeruli, and was confirmed by a blinded pathologist using Lee's grading system [5] . Inclusion criteria included biopsy-proven IgAN with an estimated glomerular filtration rate (eGFR) of 6 30 ml/min/1.73 m 2 at the time of renal biopsy (using the Chinese abbreviated MDRD equation [6] ). 643 consecutive patients were considered. However, subjects were excluded if they were younger than 18 years at the time of renal biopsy (n = 37), if they had a secondary cause of IgA deposition (systemic lupus erythematosus, Henoch-Schönlein purpura, hepatic diseases or lymphoma, etc.) (n = 23), if the eGFR was ! 30 ml/min/1.73 m 2 at the time of renal biopsy (n = 97), or if there was less than 12 months of follow-up (n = 133). A total of 353 patients were analyzed following these exclusions. The study was approved by The Human Ethics Committees of The First Affiliated Hospital of Sun Yat-sen University.
Clinical data recorded at biopsy included gender, age, body mass index (BMI), blood pressure (BP), 24-hour urinary protein excretion, serum creatinine (Scr), total cholesterol (TC), triglyceride (TG) and serum UA. Hypertension was defined as systolic blood pressure (SBP) 6 140 mm Hg and/or diastolic blood pressure (DBP) 6 90 mm Hg or treatment with antihypertensive drugs. Hyperuricemia was defined as serum UA 1 7 mg/dl (420 mol/l) in men or 1 6 mg/dl ( 1 360 mol/l) in women [7] . Hypercholesterolemia was defined as TC levels 1 5.3 mmol/l and hypertriglyceridemia as TG levels 1 1.7 mmol/l. BMI was calculated as weight divided by height squared and the obesity defined in these Asian subjects as BMI 6 25 [8] . Proteinuria was calculated from a 24-hour urine collection. Scr, UA, TC, and TG concentrations were measured enzymatically after an overnight fast at the time of biopsy.
Patients were seen in the clinic at a minimum of every 6 months. At each visit the use of medications and laboratory data were recorded. The primary study endpoint was a decline of eGFR 1 50% compared to the level obtained at renal biopsy or the initiation of renal replacement therapy, or death.
Prospective Randomized Controlled Trial
A prospective, randomized, parallel, open-label, controlled trial was conducted at The First Affiliated Hospital of Sun Yat-sen University from July of 2007 to June of 2009. 40 patients were enrolled based on the following inclusion criteria: 18-70 years of age, biopsy-proven IgAN, proteinuria between 0.15 and 2.0 g/24 h with serum albumin level 1 3.5 g/dl, Scr level ! 3 mg/dl, BP ! 180/100 mm Hg, and UA 1 6 mg/dl in women and 1 7 mg/dl in men. Patients were excluded if they received prednisone or immunosuppressive drugs within 2 months prior to randomization, if subjects were receiving angiotensin-converting enzyme inhibitors (ACEI) and/or angiotensin receptor blockers (ARB), if there was a past allergy to allopurinol, the presence of active gout within the past 4 weeks, and women who were pregnant or unwilling to use contraception. The study was approved by the Human Ethics Committees of The First Affiliated Hospital of Sun Yat-sen University and was conducted according to the Declaration of Helsinki principles and registered at ClinicalTrials.gov NCT00793585. All participating patients had signed the written informed consent before enrollment.
Randomization and Treatment Protocol
Randomization was conducted using a computer-generated random allocation sequence table. Allocation concealment was performed by enclosing assignments in sequentially numbered, opaque-closed envelopes. Patients were randomly assigned to either the treatment or the control group. All subjects received health education and were encouraged to adhere to a low-purine diet. Patients in the treatment group received allopurinol 100-300 mg/day according to the levels of Scr and UA. For those with Scr ! 1.5 mg/dl (133 mol/l) at the baseline, allopurinol was given 100 mg three times daily, and when serum UA deceased to the normal range (serum UA level ^ 6 mg/dl in females and ^ 7 mg/dl in males), allopurinol was changed to 100 mg twice daily. For patients with Scr 6 1.5 mg/dl at baseline, allopurinol was initiated at 100 mg twice daily and was decreased to 100 mg daily when UA decreased into the normal range.
Arterial BP was recorded with a mercury sphygmomanometer and measured according to the Joint National Committee VII criteria (JNC VII) [9] . The mean of three measurements was recorded. Mean arterial pressure (MAP) was calculated from SBP and DBP. Patients diagnosed with hypertension received antihypertensive drugs with titration during the follow-up. The calcium antagonist nifedipine controlled-release tablet was the firstchoice drug and its dose doubled in uncontrolled patients, followed by the addition of either a ␤ -blocker and (or) ␣ -blocker if the patients were still in a hypertensive condition. The therapeutic target of BP was ^ 130/80 mm Hg. The washout time for the ACEI and ARBs, pulse intravenous corticosteroids, and intravenous immunoglobulin were at least 8 weeks prior to randomization, and all drugs had been mentioned above were prohibited throughout the study. Hyperlipidemia was treated with statins and/or fibric acid derivatives as required.
Follow-Up Assessment
Patients were evaluated every 2 weeks in the first month, and then followed up monthly for a total of 6 months. At each followup the patients underwent clinical evaluation and assessment for adverse effects. BP and laboratory tests including a complete blood count, urinalysis, U prot/creat ratio, serum UA levels, lipid profile, renal and liver function were performed at each visit. eGFR was calculated with the Chinese abbreviated MDRD equation [6] .
Study Outcome
The primary endpoint was change in renal function assessed as changes in eGFR. Secondary endpoints included change in pro-teinuria, changes in BP (including antihypertension drug dosage), as well as adverse events.
Statistical Analysis
Power Calculation. This is the first pilot study to evaluate the effect of allopurinol on the clinical outcome in IgAN patients with hyperuricemia. To determine the sample size, we referenced the Siu et al. [10] study, which indicated that in general, 16% of the CKD patients in the allopurinol group reached the combined endpoints of significant deterioration in renal function and dialysis dependence compared with 46.1% patients in the control group. Under these assumptions and 10% of missing rate of follow-up, a sample size of 40 patients in each of the two treatment groups was needed to yield 80% power with an ␣ level of 0.05.
Data Analysis. Baseline characteristics of the retrospective cohort study and the randomized controlled trial are expressed as mean 8 SD for continuous variables and frequencies (percentages) for categorical variable. For the retrospective cohort study, the Cox proportional hazard regression model was used to assess the independent effect of hyperuricemia on the progression of IgAN. The results were expressed by using the adjusted relative risk (RR, or hazard ratio) and 95% confidence interval (CI) for decline of eGFR 1 50% the initiation of renal replacement therapy or death. The cumulative probabilities of renal survival were presented in Kaplan-Meier curves stratified by CKD stages and hyperuricemia, and survival analyses were based on the log-rank test.
For the prospective randomized controlled trial, comparison of various parameters at baseline between the two groups was performed by means of independent Student's t tests. Comparison of various parameters between baseline and the end of the study period was performed by means of paired Student's t tests. In addition, eGFR was log-transformed to obtain a better approximation of the normal distribution, and analyses of covariances (ANCOVAs) using per-protocol analysis were then performed with adjustment for the eGFR at baseline. Correlation between two variables was assessed by Pearson's rank correlation test. Fisher's exact test was carried out to analyze the difference between the modifications of antihypertensive drugs in the two groups. Twosided probability values are reported, with 0.05 taken as the level of statistical significance. All statistical analyses were performed using SPSS version 13.0 (SPSS Inc., www.spss.com). The mean follow-up period was 5 years (range 12-98 months). 96 patients received an ACEI or ARB during the study period. 50 patients reached the primary endpoint during the study follow-up period, of which 12 received renal replacement therapy. Two died during the followup: 1 of uremia, another of cerebrovascular accident during hemodialysis. The cumulative 1-, 3-, and 5-year renal survival rates were 99, 95, and 86%.
Results
Retrospective Cohort Study
Cox proportional hazard regression analysis revealed the following parameters as independent risk factors for the progression of doubling of Scr level or the initiation of renal replacement therapy: hypertension (RR = 1.2, 95% CI 1.1-1.4), eGFR ! 60 ml/min at biopsy (RR = 3.7, 95% CI 1.4-7.1), hyperuricemia (RR = 2.5, 95% CI 1.5-6.1), hypertriglyceridemia (RR = 1.3, 95% CI 1.1-3.8), and higher Lee's histological grade (RR = 1.8, 95% CI 1.2-2.7). The usage of ACEI or ARB was independently related with a lower risk of renal progression (RR = 0.4, 95% CI 0.1-0.8) ( table 2 ). Of the 112 subjects with baseline hyperuricemia, 31 reached the primary endpoint compared to 19 of 241 control subjects without hyperuricemia (log-rank test: p ! 0.0001; fig. 1 a) . The 1-, 3-, and 5-year renal survival rates were 98, 92, 68 versus 100, 97, 92%, respectively. After stratification by eGFR, the cumulative renal survival rates of patients with hyperuricemia versus those with normal UA remained significantly different regardless of initial eGFR level. Survival curves are shown for the CKD with eGFR 6 60 min/ml (log-rank test: p ! 0.001; fig. 1 b) or CKD with eGFR ! 60 min/ml (log-rank test: p = 0.03; fig. 1 c) .
Prospective Randomized Controlled Trial
Forty patients were enrolled in the randomized clinical study with 21 in the allopurinol group 19 in the control group ( fig. 2 ) . Baseline characteristics were comparable between the two groups ( table 3 ). Three patients in the allopurinol group (2 due to ACEI/ARB usage and 1 due to doubling of Scr related to acute pneumonia) and 2 patients in the control group (1 due to usage of ACEI and 1 due to attack of gout) discontinued this study, and no patients were lost to follow-up.
Primary Endpoint Renal Function
No difference was found in eGFR between the allopurinol treatment group and control group at the end of the study (73.2 8 34.8 vs. 68.9 8 36.6 ml/min/1.73 m 2 , p = 0.2). Also, no change of eGFR was found at the end of the study compared to the baseline in either the allopurinol Fig. 1 . a Cumulative probability of renal survival for all CKD (stages 1-3) patients in relation to UA at the time of renal biopsy. The differences in the renal survival of patients with or without hyperuricemia were statistically significant, p ! 0.0001. b Cumulative probability of renal survival for CKD (stage 1-2) patients with eGFR 6 60 min/ml in relation to UA at the time of renal biopsy. The differences in renal survival of patients with or without hyperuricemia were statistically significant, p ! 0.001. c Cumulative probability of renal survival for CKD patients (stage 3) with eGFR ! 60 min/ml in relation to UA at the time of renal biopsy. The differences in the renal survival of patients with or without hyperuricemia were statistically significant, p = 0.03. d Number of patients exposed to risk at the time point ( a-c ) .
or control group (from 69.5 8 26.5 to 73.2 8 34.8 ml/ min/1.73 m 2 for the allopurinol group and from 63.6 8 27.5 to 68.9 8 36.6 ml/min/1.73 m 2 for the control group, p = 0.2 and p = 0.9 respectively). eGFR tended to decrease in the allopurinol-treated patients in the first month compared to the control group, with the greatest decrease (9%) among those subjects with baseline eGFR ! 60 ml/ min/1.73 m 2 followed by recovery of renal function at later time points ( fig. 3 a, b ). In the control group, eGFR remained stable throughout the study. ANCOVA and adjusted means (95% CI) for eGFR of the two groups before and after the therapy were 1.63 (1.60, 1.66) and 1.60 (1.56, 1.64), p = 0.2.
Secondary Endpoints
Proteinuria There were no differences in the U prot/creat ratio between the two groups, either at the baseline or follow-up ( table 4 ). An increasing U prot/creat ratio occurred in 48.5% of controls and in 31.8% of the allopurinol-treated group.
Blood Pressure There were significant differences in requirements for BP treatment between the allopurinol and control group during the study (p = 0.003). In the allopurinol treatment group, 7 of 9 patients had antihypertensive drugs reduced, including 1 patient who was able to stop antihypertensive medications. The remaining 2 patients underwent no change in antihypertensive therapy. In the control group, 3 patients increased their antihypertensive drugs and 6 patients continued their initial drug therapy; no patients decreased their antihypertensive regimen.
For patients with normal BP, treatment with allopurinol reduced serum UA compared to baseline (7.8 8 0.7 vs. 5.3 8 0.8 mg/dl, p ! 0.01, n = 9) in association with a significant decrease in MAP (92.9 8 10.1 vs. 83.7 8 4.5 mm Hg pre-and post-allopurinol, respectively, p ! 0.01). In control subjects with normal BP, serum UA slightly decreased compared to baseline (7.9 8 1.6 vs. Biochemical Parameters Serum UA decreased in subjects treated with allopurinol from 7.9 8 1.1 to 5.7 8 0.7 mg/dl (p ! 0.001; table 4 ).
Adverse Events A slight elevation of liver function enzymes occurred in 4 patients in the treatment group and all recovered by reduction of the dosage of allopurinol.
Discussion
We performed a preliminary evaluation of the role of UA on the clinical outcome in Chinese IgAN. In the retrospective cohort study, hyperuricemia was shown to be a risk factor for renal progression independent of baseline Com pared with the baseline: * p < 0.001; ** p = 0.03.
Compared with the control group at the end of the study: # p < 0.001. eGFR. In addition, we conducted a prospective study with the main finding that lowering UA resulted in significant benefits on BP control.
UA appears to mediate its effects on the kidney via several mechanisms including activation of the renin-angiotensin system (RAS) as has been shown in in vitro studies [11] , animal models [12] and as suggested by some clinical studies [13] . In addition, there is also increasing evidence that UA may have additional effects independent of the RAS. For example, UA potently inhibits endothelial nitric oxide in vitro via mechanisms including the stimulation of arginase (which degrades the substrate) [14] , stimulating oxidants via NADPH oxidase (which scavenges nitric oxide) [11, 15] , or by directly binding and inactivating nitric oxide [16] . UA has also been reported to stimulate thromboxane [17] and endothelin [18] production, and to have proinflammatory effects [19, 20] .
Thus, we performed a pilot study to determine if lowering UA might have an effect on renal progression and BP in hyperuricemic subjects with IgAN. The main finding of the pilot trial was that the lowering of UA was associated with an improvement in BP control. There was a significant reduction in antihypertensive agents in allopurinoltreated subjects with baseline hypertension and there was also a significant fall in MAP in subjects not receiving antihypertensive therapy. A positive correlation between serum UA and MAP in patients not taking antihypertensive drugs was also demonstrated. In contrast, none of the control subjects with hypertension had a reduction in antihypertensive therapy and no change of MAP was observed in those subjects without hypertension. These data are consistent with increasing experimental [21] and clinical data [22] that suggest a role of UA in mediating hypertension.
Consistent with the reduction in systemic BP, allopurinol was associated with a transient worsening of renal function that was maximal in the first month and was greatest in subjects with baseline eGFR ! 60 ml/min/ 1.73 m 2 . This observation is similar to that observed with the initiation of ACEI in CKD and most likely represents reduced filtration from decreases in systemic and intraglomerular pressure. Indeed, Sanchez-Lozada et al. [23] reported that lowering UA could reduce glomerular pressure in animals with oxonic acid-induced hyperuricemic hypertension.
With regard to the primary outcome of the clinical trial and change in GFR, we found no benefit of allopurinol therapy on the eGFR at the end of the 6 months. This is most likely due to the short (6-month) duration of the study and the mild nature of the kidney disease of the recruited participants. Siu et al. [10] have reported that allopurinol can slow the progression of renal disease in subjects with CKD and asymptomatic hyperuricemia despite the fact that the majority were being treated with ACE inhibitors. A similar benefit was noted in a recent randomized study by Goicoechea et al. [24, 25] , in which study subjects with CKD (stage 3) were randomized to allopurinol (100 mg/day) or control for 1 year, whereas renal function decreased in the controls and improved in the allopurinol group.
Our study is limited by the short duration and the small numbers of subjects. Nevertheless, an effect on BP was evident in this randomized, controlled trial. Another point: in vitro and vivo studies have shown that UA may mediate its effects on the kidney via several mechanisms including activation of the RAS. This is why we excluded the patients on ACEI/ARB in this pilot study. In a future RCT study, we would like to enroll all patients (with or without RAS blockade) and randomize them to receive treatment with ACEI/ARB alone, allopurinol alone or allopurinol combined with ACEI/ARB.
In conclusion, hyperuricemia is a risk factor for renal progression in IgAN, and this effect is independent of baseline eGFR. We also report the first pilot study examining the effect of lowering UA with allopurinol in subjects with IgAN. While a benefit of allopurinol therapy was observed on BP, we were unable to observe any benefit of lowering UA on renal function or proteinuria at 6 months. However, longer duration of follow-up is necessary to better address the outcome of CKD progression. Further studies are warranted to determine if there is a role for UA-lowering therapy in the treatment of IgAN. 
